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slpm
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cm H,O

Ap

free
volume

Upper
Volume
Limit

Lower
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Limit
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LIST OF SYMBOLS AND TERMS

cubic feet per minute at ambient conditions

cubic #eet per minuce at standard conditions oif E
14.7 psia and 70°F, 1 scfm=26.29 slpm

Atmospheres absolute

lbs per sg. in. absolute

lbs per sq. in. gauge

1bs per sg. in. differential

lbs per sqg. in. over bottom pressure

Respiratory minute volume

liters per minute at ambient conditons

literg per minute at ambient canditions, same as lpm

liters per minute at standard conditions of 14.7 psia
and 0°C,26.29 slpm = 1 scfm

cubic centimeter

Cubic centimeters at standard cos litions of 14.7 psia
and 0°C

centimeters of water pressure

Differential pressure

Free air space within a boundary

THr volume of a helmet system above which small
increases in volume require large increases in helmet
Ap relative to outside ambient pressure.

The volume of a helmet system below which small
decreases in volume require large negative increases
in helmet Ap relative to outside ambient pressure.

Change in Volume
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I.

INTRODUCTION

» The purpose of this protocol is to outline the general
procedures and equipment to be used by EDU personnel in the

evaluation of open circuit air and semi-closed circuit mixed

gas diving helmets.,

This protocol has been written in terms as general as
possible consistent with clear understanding. It is not in-
tended to be a step~by-step procedure which can be applied
directly to the testing of a given piece of diving apparatus.
Such a procedure would very quickly become out of date. It
is rather intended as a detailed guide with which the Project
Engineer can plan the evaluation of the apparatus to be tested.
The quantities to be measured and controlled ar= specified for
each type of test. The basic test equipment required is out-
lined'along with the considerations governing its set-up,
calibratior and use. Typical test conditions and data handling
requirements are also outlined for each type of test. With
only a bagic understanding of modern instrumentation and testing
techniques a Project Engineer should he able to readily make

the detaiﬁed decisions necessary to apply this protocol to a

specific piece of diving apparatus.

Th~ procedures outlined herein are concerned principally

with evaluation of the functional performance of the diving
apparatus {(helmet and supportiﬁg equipment) being tested. No
effort has been made to include specific material tests such
as abrasion resistance tests for suit materials, drop and

destruction tests for the helmets, etc. Those tests are very
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involved, very specific and vary greatly with the system to
be tested. Consequently they are considered outside the scope
of this protocol. For suggestions regarding these tests, the

reader is referred to references 1 and 2.

Also, no effort has been made to include specific relia-
bility and maintainability tests. These tests are normally
done during the traditional Techeval/Opeval cycles. Considerable
insight into the reliability and maintainability of the appar-
atus tested will however be gained as a result of the tests

described herein.

The tests outlined herein have been kept as simple as
possible. Experience has shown that it is usually faster and
more reliable to run a number of small tests where no more than
2 or 3 major variables are measured at one time than it is to
try to do everything all at once. However, with skilled test
operafors some of the tests outlined in Section III can be

combined.

Although written for helmets, this protocol can be applied
with only minor modifications to mask type breathing systems

as well.

BT T W T



II. DESCRIPTION OF THE EQUIPMENT TESTED

A. Serial Numbers

It is critically important that the piece of diving
~} apparatus be positively identified. Most helmets and backpack

%" scrubber units have serial numbers. Find the serial number

(a call to the manufacturer may be necessary to find where to

look), and record it. All data sheets used with the helmet

will need the helmet serial number. If the helmet {or backpack,

=, etc.) does not have a serial number, give it one.
B. Photographs

1. Equipment Tested

Photograph the apparatus to be tested from all

e

appropriate angles. Usually these will include at least both

TR

sides, front and rear. Also take several photos of a diver

dressed in the apparatus. If appropriate, disassemble the

IR

apparatus and take pictures of the individual components.
2. The Test Equipment

Photographs of the helmet as it is rigged for the

various tests described herein are very helpful when report
writing time arrives. Representative pictures should be taken

of all test set-ups described, both with and without the helmet

i s

in place. ’ ?

i c. Physical Description

£ 1. Material Description

A written description of the apparatus tested is :




esgential. It must include a description cf the helmet

materials of construction, valve types and sizes, face plate
and port sizes, method of attachment to the diver (jocking
system), communications arrangements, sealing arrangements,

sealing materials, aund any special features. Descriptions

R e it

of CO, abzorber assemblies must also include at least the

venturi size, overbottom pressure requirements, and weight

of the absorbant used. Usually the manufacturer's own

literature will be sufficient. However if it is not, a des-

¥ cription must be generated which meets the above requirements.

i f If possible, obtain exploded. drawings from the

manufacturer.

¢ 2. Size and Weight

If not provided by the manufacturer, measure the

weight of the apparatus both in air and in water.

R 0 e B P e S B D Y A R s

Size measurements should he taken as directed by the

: Project Engineer.

Measure accurately the free volume enclosed by the

f helmet. This can most easily be done by measuring the amount

of water required tc completely flood the helmet and associated

- equipment.

i
[~
i
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ITI. PERFORMANCE TESTS

A. Open Circuit Air Helmets
1. Helmet Pressure~Volume Characteristics (Compliance)
a. Background

The purpuse of this test is to determine how '
rmuch the pressure ingide the helmet changes with respect to |
external ambient pressure when gas is removed from or added to
the helmet. This uefines the "comnliance" of the helmet system.
The helmet system's compliance, or the absence of it, influences
very greatly the pressure variations induced in the helmet by

a diver's respiration, and, thercfore, the breathing imi.dance

AT ol e

of the helmet. Compliance = Ap/Ap

This test &is applicable only to neckseal helmets

and other types of underwater breathing systems where the diver's

=2 | chest is not enclosed by a volume of gas in free communication

o ot A e 4 e

with the gas in the helmet interior. 1In cases where the chest

is enclosed by a volume of gas in free communication with the

helmet interior, as for instance in a helmet-dsv suit combin-

ation like the USN MK 5, this test may be omitted. 1In those ,
cases gas volume ramoved from the helmet—suit interior is nor-

mally replaced by chest expansion, and the total system volume

is not influenced by the diver's respiration.

b. Quantities to be measured:

1) Helmet pressure re selected reference
pressure

2) Helmet position on dummy (measure in

sufficient detail so that helmet could be
removed and replaced in the exact same peosition.)

- -
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1)

2)

3)
4)
5)
6)
7)

1)

2)

3)

4)

c. Quantities tc be controlled:

Amount of gas added to and withdrawn from

the helmet

Neckseal Cuff Position: turned up or turned

down

Helmet position on the Manikin
Manikin orientation

Helmet tested wet or dry
Temperature

Depth

e. Equipment

Specialized equipment required

aa. Large graduated syringe, preferably

about 2 liters

bb. 3-way valves and plumbing as shown in

Figure 1.

cc. Test Manikin and wet testing box

dd. Differential pressure transducer and

transducer indicator, 1 psid

Set up the helmet and test equipment gener-
ally as shown in Figure 1. Figure 1 is

intended only as a guideline, and minor modi-
fications can be expected to accommodate the

particular apparatus being tested.

The helmet should be placed con the test

Manikin and jocked as nearlv per manufactvrer's
instructions as possible. Measure the helmet

position on the Manikin in sufficient detail

so that it can be exactly reproduced.

The helmet supply and exhaust valves
be closed, and if necessary sealed.
Manikin openings except the openings
syringe and pressure transducer must
be closed, and if necessary sealed.

should
All

to the
also
Leaks




.

Helnet Pressure
Raferecce Tute

4

Traugducer Indicator,
Validvne CD-12 or equal

3" alnimm

<7

1 peld Traneducer,
Validyne DP-15 or

equal
J Water side veforence tube; wmust be fi{lled

l with water Note tranadu
. H co- diaphram
Hock ceal: sl |
Hote cuff ! at level of desired reference bressure
up or down . { Graduated syringe
Jockiag Syotew o as large aw possible,
2 liters prefarred gize
— y 4
vithdrav gae 4
10U et~ h =
dd gat
Testlng ?'] l 5 N\
Box
_EDU Manikin
loop will fuaction as a pump
/ adding or withdraving air depending
on hww 3-vay valvas are eet.
Key

K 1=Yay Valve, flov direction —@

3-Way Valva, commwnicating
parts indicated oy srrows

Flgure |

Test Equipment Set-r, Open Clircuit Alr Helmet Compliance Tests, Hclmet Wet.
Yor Dxy Taats, Halmat & Manikin need not be Lnalde tha Wet Testing Box.
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€.

5)

6)

Calibration

may invalidate the test. If necessary,
augment the seal between the helmet neckseal
and the Manikin's neck withTﬁape (Oxrdnance
Tape, Duct Tape or Band-Aid Skin Tape work
well), but be careful not to restrict the
movement of the neckscal any more than
necessary. Leaks can be checked for by
adding 20 cm H,O pressure to the helmet and
observing the gate of decay. A system with
a pressure decay of less than 1 cm H,O per
15 seconds at 20 cm H,O pressure can“be con-
sidered leak-tight fof this test.

The transducer line to the helmet and the
syringe line must not be the same port.

The reference pressure for the transducer
may be any convenient pressure, as long as
the pressure used is recorded. Hydrostatic
pressure at the level of the Manikin's 7th
cervical vertebra, at the level of the cen-
terline of the helmet exhaust valve, at the
level of the centerline of the Manikin's
mouth (as shown in Figure 1) or at any other
apprnpriate level may be used. The Project
Officer should determine ahead of time which
reference pressure is to be used. See EDU
Report 19~73 for information on reference
pressures.

Calibrate the transducer and transducer indicator

against a water or mercury manometer prior to each major test.

Recheck calibration at the end of the test.

f.

Test conditions and General Procedures

1)

The helmet should be tested first dry, then
wet. When tested dry, the helmet will have
essentjially the same compliance in all
orientations. When tested wet, it will
exhibit different compliance characteristics
in different orienlations with respect to
the pull of gravity. Normally it will be
sufficient to test the helmet only in the
head~up vertical position shown in Figure 1.
However, if ventilation tests (Section III.
A. 4) are to be run in positions other than
the head-up vertical, compliance tests should
be performed in those positions as well.

ST TR, Sl ot e
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2) Normally this test will be performed
only at 0 fsw and room temperature.
However, the Project Engineer may
order additional test conditions.

3) Record the free volume in the helmet
(from Section II.C.2. ) and associated
plumbing. This is needed to corract
for errors due to expansion or com-
pression of the gas occupying that
free volume.

4) With the helmet dry and at zero Ap,
add 100 cc air, record the helmet
Ap indicated and return to zero Ap.

g Now from the zero Ap volume again,
=3 add 200 cc air, record the helmet
= Ap indicated and return to zero Ap.

: Continue this process until the upper
volume limit of the helmet system
h is reached. The upper volume limit
1 is that volume above which small
2 increases in volume require very
large Ap increases. Now proceed to
the lower volume limit in the exact
=2 same fashion: withdrawing 100 cc air

¢ from the zero Ap volume, recording
=3 the helmet Ap, returning to zero Ap,
=4 withdrawing 200 cc air etc. Repeat
= 2 more times. If you did not get
— reproducible results, you have a
N . major leak somewhere; fix it and try
again.

, 5) Fill the test box with water to a

i level at least 3 inches over the top

— of the helmet, and repeat 4. above.
2 Take care during the filling process

and the testing process not to draw

! water inadvertently into the helmet.

9- Data Handling

1) All results are to be recorded on a
chart similar to Figure 2. Note it

is the Project Engineer's responsi-
bility to correct for errors due to
compression or expansion of the gas in
the helmet and Manikin plumbing. At

1 ata the error is 1l scc volume/cm H_.O

pressure/liter of free volume. 2

IR

e

§
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2)

3)

For each test run calibration records for
each instrument calibrated must be made,
clearly annotated, and attached to the

data generated by each respective instrument
during the runs to which the calibration
record applies. This applies in particular
to instruments that generate written records
such as the strip chart recorders and X-Y
plotter.

The Project Engineer or his representative

should keep a daily log of all significant
events.

-10-
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2. Air Supply System and Exhaust Valve Tests

a. Background

The purpose of these tests is to determine the
performance characteristics of the helmet air supply system

and the helmet exhaust valve. The air supply system is con-
sidered to consist of the umbilical, non-return valve, air

control valve, helmet interior plumbing and silencers.
b. Quantities to be Measured

1) Helmetr flow rate

2) Helmet pressure re the selected reference
pressure

3) Helmet gas temperature

4) Over bottom pressure at the inlet to the
helmet non-return valve. (Gauge #1, Fig. 3)

C. Ouantities to be Controlled

1) Umbilical size and length

2) Supply overbottam pressure
3) Depth

4) Air Control Valve Position
5) Exhaust Valve Position

6) Gas media
d. Eoguipuent
1) Specialized equipment required

aa. Blank plate for the bottam of the
helmet with provision for a pressure
tap and thermistor.

_12_
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bb. Porthole blanks with reach rods
or flexible shafts tailored to the
helmet to be tested, 2 required.

cC. Flowmeters (2), approximate sizes,
3 and 12 scfm air at 70°F and 14.7 psia
with a 300 psig minimum working
pressure.

dd. Differential pressure transducer,
+5 psid, and associated equipment.

ee, Thermistor and read-out unit.

f£f. Wet testing box.

2) Set uv the test equipment generally as
shown in Figure 3. Figure 3 is intended
only as a guide, and minor equipment
modifications can be expected to accommo-
date the particular apparatus under test.

3) Determine how much umbilical is appropriate
to the depths to be tested and install it
| as shown in Figure 3.

4) The Ap transducer should be set up to
monitor the pressure differential between
the helmet interior and the hydrostatic
pressure at the exhaust valve centerline
(chamber ambient pressure when helmet is
tested dry).

T

" TR, o+

v

5) No remote actuation of the "chin button",
if the helmet has one, is normally con=
sildered necessary. However, if desired,
this can be accomplished with a third
mechanical linkage such as a reach rod
or a small pneumatic actuator.

I

6) Install markings around the reach rod
handles so that helmet air control and
exhaust valve positions can be gquickly
and accurately reproduced.

7) Test all equipment for free operation. Test
for leaks. Repair and/or adjust as required.
Leaks in the air suprly system downstream
from the flowmeters or in the helmet —to-test
plate seal can invalidate the test.




Matal Porthole
with Reach Rod
(2 7aq'd.)

AP Ttaneducer
Readout
Umbilical Aad/Or
Coil laside Tecorder
Wyperbartc Chombaer 7
.Chdu . ) 7 Tharnistor
' K Readout
{

Blask Flenge

Panstretor Plate —— Prossure Reducer §1

Gauga 03,

EoCer Lines shown penatrating the aidas & bottom of the Wet Testing Box 0-600 put
way aleo ba rum aver the top.

Flowmater,

High Volume

Flovmeter

Flouaiters way slw be. acxanged in oeriea, low Volume Hater upetresm. Lov Volwse |

Preosure Reducer 01

Gauge 94,

ALy Supply

#iguze 3
Fegt F4uipment Hateup, ALY Supply Syetwa & Kxhewet Velve Teate
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e. Calibration

o L A

1) Calibrate all instruments immediately )
prior to each major test. Re=-check !
calibrations at the conclusion of the test.

P TR

2) The transducer should be calibratedagainst
a water or mercury manometer; the thermistor
against 32°F water and room temperature.

3
£
1
¥
i

3) The flowmeter and gauges normally do not
need daily calibration.

f. Test Conditions

The test conditions to be covered will vary with |
the apparatus to be tested and with the degree of testing
required. The Project Fngineer should determine the conditions ‘
to be tested prior to commencing the test. Typical conditions !
for a complete test of an open circuit air helmet follow:

Supply Pressure 50 psiob, 0-120 fsw i

(Measured on Gauge #2 100 psiob, 121-250 fsw
in Figure 3)

Air Control Valve Position 1/8,1/4,3/8,1/2,3/4,1, :

1-1/2,2 turns open and
full open ;
! E
Exhaust Valve Position Closed, 1/4,1/2,3/4 and ‘
+Full Open
Depth 0,50,100,150,200,250 fsw
Gas Media Air
Umbilical 400' to 600' of 1/2" I.D.
standard deep sea diving
hose.

=15~
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The large number of low air control valve set-

Ll

=" tings is due to the fact that most helmet air control valves

are passing their full flow capacity by the time they are 1

full turn open.

g General Procedures

1) Test all of the conditions of possible
interest with the helmet dry and on the
surface. Get a feel for how the air con-
trol and exhaust valves operate and the
effects of given valve openings. Leak
check and de-bug the test equipment as
required.

T

S

2) Repeat 1) with the helmet submerged. Main-
tain a minimum of 3" of water over the top
of the helmet, more if the helmet has a
top exhaust on the exhaust valve (ex. VSN
MK 5 HeO2 Helmet).

3) Test the hzslmet under pressure, wet and/or
dry on the test conditions designated by
the Project Engineer.

4) Repeat 25 to 50% of the test readings taken
on descent. This checks for
reproducibility of the data.

5) Repeat 3) and 4) as many times as required
to obtain good confidence in the data.

h. Data Handling

= 1) Record at each test condition all measured

and controlled guantities on a pr “pre-made Jata

sheet. Carefully annotate all strip chart

=. recordings or other permanent data records
so that the data can be identified.

2) Plot the recorded data as directed by the
Project Engineer.

TR

3) Figures 4 and 5 show some sample graphs.




4)

- 5)

For each test run calibration records for
each instrument calibrated musl be made,
clearly annotated, and attached to the

data generated by each respective instrument
during the runs to which the calibration
record applies. This applies in particular
to instruments that generate written

records such as the strip chart recorders
and X-Y plotter.

The Project Engineer or his representative
should keep a daily log of all significant
events.




3 ' HELMET

DATE RECORDER

Helmet Serial Number .

{ 4
; |
SUPPLY PRESSURE

50 psiob<— |—>100 psicb
' '
|
6 f e
HELMET 5 N Full Open_“;;Z !
. ~ \/ I - !
FLOW 4 R . _

RATE 3

SN \ |

f-:(acfm) C 2

N ~ N~

T - 1/2 Oben;
5 S .

'~

1
S T \\ :
N T'LA (‘lpan — -

i

e O R

100 150 200 250
Depth (fsw)

Figure 4

Sample Graph, Helmet Flow Rate Versus Depth and Air Control Valve

Position
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Helmet Ap
relative to
hydrostatic
pressure at
exhause valve
centerline

(em H20).

180
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120
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30

Helmet
Recorder
Helmet, wet

ey

- R "
l//
e
— _ ””/f
S
- _.
T
L
0 1

Depth fsw
o |
e . /P
e _FULLY CLOSED
I /r
. "1/2 OPEN .
e - vorenwn -'l'r T |
EXHAUST VALVE
FULLY OPEN
2 3 .

Helmet Flow Rate
(acfm)

Figure 5

Sample Graph, Helmet Pressure Versus Helmet Flow Rate
and Exhaust Valve Position at a Selected Depth.




3. Sound Level Tests, Open Circuit Air
Qe Background

The purpose of these tests is to measure the
sound levels produced in tne helmet under the conditions (depth,
helmet flow rate, supply pressure, etc.) of normal diving
operations, and to determine the hazard that they . represent
to the diver. The helmet flow rate data accumulated during
these tests can and should also be used as a check on the

flow rates measured under Section III. A. 2.

Experience so far has indicated that the
sound levels existing in an open circuit air helmet when
it is tested dry are usually little dififerent from those
when it is tested wet (FDU reports 4-73,7-73,11-73). How-
ever, this is not always so. It is usually, however,
accep£able to do most of the helmet sound level measurements
with it dry, and then do only spot checks with it submerged.
This is done because wet sound level testing poses sub-
stantial risks to the sound level equipmeni due to shorted
wires, flooded microphones, etc. Also it is advisable to
perform the wet sound level tests in as large a body of
water as possible to minimize possible reverberations, inter-
action of surface bubble noise, etc. and challenges by
critics citing all of the foregoing "contaminating influences".
This usuallv necessitates testing the helmet in one of EDU's
wetpots where reach rods and, therefore, external control

.

of the helmet valves, are not practical.

-20-
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1)

2)
3)

4)

1)
2)
3)
4)

5)

6)

7)

8)
9)
10)

b. Quantities to be Measured

Sound pressure levels at both diver ear
positions, broadband and octave band levels.

Helmet pressure

Helmet gas temperature

Overbottom pressure at inlet to helmet non-
return valve (Gauge #1, Figure 6)

C. Quantities to be Controlled

Denth

Supply overbottom pressure

Helmet flow rate

Exhaust valve position

Position of helmet on test manikin. (Measure
in sufficient detail so helmet could be removed
and replaced in the exact same positions)

Manikin orientation

Helmet condition: wet or dry
Extranecus noise sources
Gas Media

Umbilical size and length

4a. Equipment

1)

Specialized equipment required

-21-
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2)

3)

4)

5)

aa. Accoustical testing manikin;
EDU manikin, CBS Accoustical
Manikin, or equal.

bb. Porthole blanks with reach rods
or flexible shafts tailored to
the helmet to be tested. One
each for the air control and
exhaust valves.

cc. Flowmeters (2), approximate
sizes, 3 and 12 scfm air at
70°F and 14.7 psia with a 300
psig minimum working pressure.

dd. Differential pressure transducer,
approximate range + 5 psid, and
associated signal conditions
and recorders.

ee. Thermistor and read-out unit

ff. Sound level egquipment as per
Figure 6 or egual.

Set up the test equipment as shown in
Figure 6. If both ear positions are to
be tested at the same time, the sound
level equipment shown will need to be
duplicated.

Determine how much umbilical is appro-
priate to the depths to be tested and
install it as shown in PFigure 6.

Install markings around the reach rod
handles so that helmet air control and
exhaust valve positions can be quickly
and accurately reproduced.

If a neckseal helmet is to be tested
as shown in Figure 6, augment the seal
between the neckseal andTﬁhe manikin's
neck with tape (Band-Aid " Skin Tape,

_22_
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Flownster
low Yolume

Supply Valva
Control

ate Supply

Gauge 64
0-3000 pei

Kotas Flovsaters may sleo
ba grranged Ln series,
Lov Voluas Meter upetveca.

Flowmeter

Depth
High Volums ®

7~ Micrcphone
B&K Type 4131
Wieh B&X
Typs 2619

Progmplifier

]

Exhauut
Valve
Control

MK Hicrophons
Povar Supply 2801 |
lndout

K Prectlefon Sound Laval
Meter Type 2203 With B&K
Oceave Band Vilter Set
Typa 161)

Pressure
Traneducer
(t 5 PSLD)

1 1
O P Transducer
lud.cator
or ‘Racorder
Figure €

Tast Sat-up, Opea Cireult Atr Sound Laval Teste
Helmet Shown Pry With & Heck 3sal
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6)

Duct Tape, Ordnance Tape all will work).
If the helmet is to be tested with a
full suit (as for example a USN MK S5
helmet), select a suit with cuffs, place
the manikin inside the suit and bring
the necessary wires, etc. cut through
one of the sBleeves. Securely restrain
the bottom of the suit so that it does
not inflate. One of the best ways to
do this is to simply roll it up and

tie it off. Cloge the sleeves with
flat clamps taking care not to damage
the microphone and thermistor wires.

Test all equipment for free and normal
operation. Test for leaks., Repair and/
or adjust as reguired. Leaks in the

air supply system downstream from the
flowmeters or in the neckseal-to-mani-
kin seal can invalidate the flow rate
data. Leaks in the helmet, neckseal

for suit) and through the manikin will
tend to falsely increase the measured
sound levels.

Calibration

1)

2)

3)

4)

Calibrate all adjustable instruments
immediately prior to each major test.
Re~-check calibrations at the conclusion
of the test.

The transducer should be calibrated
against a water or mercury manameter;
the thermistor against 32°F water and
room temperature.

The flowmeter and gauges normally do
not need daily calibration.

The microphone and sound level meter
should be calibrated with a B&K Type
4230 Sound Level Calibrator or ecual.

Test Conditions



The test conditions to be covered will vary

with the apparatus to be tested and with the degree of test~

ing required.

ditions to be tested prior to commencing the test.

The Project Engineer should determine the con-

Typical

conditions for a complete test of an open circuit ai. helmet

follow:

1.

2.

Helmet Dry

Depth

Supply Pressure
(Measured on
Gauge #2,Fig.6)

Helmet Flow Rate

Exhaust Valve Position

Position of Helmet
on manikin

Manikin Orientation

Gas Media

Umbilical

Helmet Wet

6,50,100,150,200,
250 fsw

50 psiob, 0-120fsw
100 psiob, 1l21-250 fsw

3 acfm, 4.5 acfm,
max. flow possible
(air control wvalve
fully open)

Fully Open, Fully Closed

Normally Jocked Position

Head-up Vertical

Air

400' to 600' of
1/2" 1.D. standard
deep sea diving hose

All test conditions are the same as for the
helinet dry tests except:

Wi R g s A
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Helmet Flow Rate Max. flow, other
flows as directed
by Project Engineer

Helmet Exhaust Valve Fully Closed

Helmet exhaust valve settings of less than
fully closed should be used in wet tests
only with great care. Lower exhaust valve

. settings decrease the helmet Ap relative to
outside water pressure and increase the
chances of flooding the helmet and ruining
the microphones.

o i T T B it X R A SRR BT
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g. General Procedures

e R B e AL, 2 R

1) Measure the chamber background noise. ,
Background noise from all sources, room o
noise, electrical noise, etc. should '
read less than 70 dB in all octave bands.
Slightly higher levels can, however, be
tolerated in the 31.5, 63 and 125 Hz
center frequency octave bands.

g

2) Test all of the conditions of interest
with the helmet dry and on the surface.,
Get a feel for how the air control and
exhaust valves operate and the effects
of given valve openings. Leak check
and de~buag the test eguipment as
required.

3) Test the helmet under pressure, dry as
shown in Fiqure 6. Test under the test
counditions designated by the Project
Engineer. The best sequence to follow
is usually to do all of the test con-
ditions at 0 fsw, then 50 fsw, etc. on
down to 250 fsw.

e o dnt e s R N e A A SRR R e -

4) During ascent from 250 fsw (or max.
depth) repeat 25 to 50% of the test ‘
readings taken during descent. This !
checks for reproducibility of the data. !

A o
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5) Once the dry tests in 1) through 3)
above are completed, run the wet tests.
This will require either the wet test-
ing box or the wetpot.

6) Repeat 2), 3) and 4) above as many
- times as required to obtain good con-
=3 fidence in the data obtained. ‘

. .7} Run a dry test, 0 fsw only should be
. gufficient, with the helmet removed

- 1/2" off its neckring or breastplate.

e This allows the air to escape without

5 going out the exhaust valve, and it
should allow a determination of how
much, if any, of the measured helmet
sound levels are due to eshaust valve
noise vice air supply system noise.
Normally the exhaust valve makes only

a minor contributionto the total helmet
noise levels

h. Data Handling

1) Record at each test condition all measured
and controlled quantities on a Ere-made :
data sheet. Carefully annotate all by
strip chart recordings or other per— '
manent data records so that the data can
be identified.

2) Correct the octave band sound pressure
level readings from the sound level
meter for the microphone sensitivity |
loss under increased pressure. See the
microphone manual or Reference A for

[ the octave band correction factors.

A

P

]

3) From the corrected octave band sound
pressure levels, determine the equivalent :
A-weighted sound pressure level from :
Figure 7. Determine the maximum daily
exposure from Figure 8. Consult
References 2 and 3 for further information.

)

)

v
51—%'

‘

4) NOTE: The dBA scale on the sound level

meter cannot normally be used except at 0 fsw




due to the uneven effect increasing
ambient pressure has on the frequency
response characteristics of the micro-
phone. See Reference A and NAVXDIVINGU
Reports 10-73 and 12-73 for more infor-
mation on this effect.

5) Table 1 represents a typical data sheet.

6) For each test run calibration records for
each instrument calibrated must be made,
clearly annotated, and attached to the
data generated by each respective instrument
during the runs to which the calibration
record applies. This applies in particular
to instruments that generate written
records such as the strlp chart recorders
and X-Y plotter.

7) The Project Engineer or his representative |
should keep a daily log of all significant |
events.
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Fig. 7. Equivalent A-Weighted Sound Level Contours. Octave

Band Scund Pressure Levels May Be Converted to the Equivalent-
A-Weighted Sound Level by Plotting Them on This Graph and

Noting the A-Weighted Sound Level Corresponding to the Point ;
of Highest Penetration into the Sound Level Contours (2). |

IN DECIBELS

TR

R

OCTAVE BAND SOUND PRESSURE LEVEL

TR

= " ALLOWABLE NOISE EXPOSURE
= 20} PER DAY
\ TIME (HRS) [SOUND LEVEL dBA
] 80
2 1 6 92
§~ a 35
§ 3 97
2% o 2 100
£ b % 102
g % 1 106 !
F Q 105 % 110 ’j
<0 % ORLESS 116
5 E ‘-
w100
<z
>0
g
, w 8%
i
!
w [— )
Lobi L1 1 ] 1 1 ‘1 | ] =
0% % % 1 M 2 B 3 4 6 ) 7 ) =
TIAE (HOURS)

Figure 8

il o

Currently Accepted Daily Noise Exposure Limits (2) (3).
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4. Ventilation Tests, Open Circuit Air
a. Background

The purpose of these tests is to determine
the ventilation characteristics of the helmet when used on
opan cirrcuit air. The variables of primary interest are the
helmet flow rate, the pCO2 levels in the helmet and in the
manikin's ingpired air and the pressure variations induced

in the helmet by the manikin's respiration.,

The performance of the helmet air control and
exhaust valves during these tests can and should be used as
a check on the results obtained in Sections IIl. A. 2 and
III. A. 3. Also when the helmet is tested with a neckseal,

the pressure variations induced in the helmet by the manikin's !

respiration should be predictable from the helmet compliance
results of Section III. A. 1 and the exhaust valve performance

results of Section III. A, 2.
b. Quantities to bhe Measured

1) PCO, levels at the following locations.

aa. Inhalation mixing box (inhaled
pco2 level, CO; #1, Figure 9)

bb. Exhalation mixing box (exhaled
pCO2 level, COy #2, Figure 9)

cC. Inlet to helmet exhaust valve |
(CO2 #2, Figure 9) |

dad. Any other location(s) selected by
the Project Engineer.
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- 2)

3)
4)

5)

6)

Helmet pressure relative to hydrostatic
pressure at the selected level.

Helmet gas temperature.
Air control valve position.

Overbottom pressure at the inlet to the

helmet non-return valve. (Gauge #l1, Figure 9)

Relative humidity of inspired air.

Quantities to be Controlled

1)

2)

3)

4)

5)

6)

7)

8)

2)

10)

Depth

Supply overbottom pressure (Gauge #2,
Figure 9)

Helmet flow rate
Exhaust valve position

Position of helmet on test manikin. Measure
in sufficient detail so that helmet could be

removed and replaced in exactly the same
position

Manikin orientation

Helme£ condition: wet

Gas media

Umbilical size and length
Manikin respiratory parameters
aa. CO, addition rate

bb. Breathing rate
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CC.

dad.
ee.
££f.

Tidal volume

Volume~time waveform
Exhaled relative humidity
Exhaled gas temperature

d. Equipment Set-up

1) Specialized equipment required

ads

bb.

CC.

dad.

ee.

ff.

gg.

EDU manikin with double treacheas,
one for inhalation, one for exhala-
tion. Manikin should also have
provisions for monitoring the press-—
vre and temperature inside the helmet
and for obtaining up to 4 gas samples
from selected locations within the
helmet and neckseal or suit.

Porthole blanks with reach rods
or flexible shafts tailored to
the helmet to be tested. One
each for the air control and
exhaust valves.

Flowmeters (2), approximate
sizes, 3 and 12 scfm air at
70°F and 14.7 psia with a 300
psig minimum working pressure.

Differential pressure transducer,
approximate range + 5 psid, and
associated signal conditions

and recorders.

Thermistor and read=out unit

Breathing machine with inhalation
and exhalation mixing chambers.

At least 2 CO, analysers, one with a
range of 0 to“0.5% by volume or
0 to 1.0% by volume, one with a
range of 0 te 6% by volume. CO2

e L [ Wit b e
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level #2 (Figure 9, exhalation mix=-
ing bux) can be expected to run be-
tween 4 to 6% S.E. All other CO
levels can be expected to run be%ween
l to 3% S.E.

2) Set up the equipment generally as shown
in Figure 9. PFigure 9 is intended only as
a quide, and minor equipment modifications
can be expected to accommodate the particular
apparatus under test.

3) Determine how much umbilical is appropriate
to the depths to be tested and install it
as shown in Figure 9.

4) The Ap transducer should be set up to
monitor the pressure differential between
the helmet interior and the hydrostatic
pressure at the exhaust valve centerline
{chamber ambient pressure if helmet is
tested dry), or the level of the manikin's
7th cexrvical vertebra. Use a different
reference pressure if so directed by EDU
report 19-73. i

5) Install markings around the reach rod
handles so that helmet air control and
exhaust valve positions can be quickly
and accurately reproduced.

6) The internal free volume of all inhalation
plumbing components must not be greater
than 10 liters. The internal free volume
of all exhalation plumbing components must
likewise be less than 10 litexrs. The
internal free volume of components used
for both inhalation and exhalation is to
be charged against both 10 liter limits. I
10 liters free volume is the most freec !
volume that can be tolerated without intro-
ducing excessive errors due to pneumatic

: compliance (gas compressability). See

| EDU Report 20-73, Section III for more details.

!
7) Total mechanical compliance (hose stretch, i
etc.) of the breathing loop plumbing mubt be '
kept below .05 liter per 20 cm HyO pressure
«thange.




8) Water depth over the top of the helmet
should be at least 6 inches.

9) If the helmet is to be tested with a dry

suit, cut a suit at approximately the

waist level and fasten to the manikin

with a band clamp and tape at a level 18"

below the exhaust valve centerline as

shown in Figure 9. The simulation will

not be complete with this equipment set- |

up because a diver when he inhales normally ‘
- makes up the air volume he inhaled from
b the helmet-suit combination by chest
_ expansion. Thus in reality the total
=5 [ suit volume remains essentially uninfluenced

: by the diver's respiration whereas with
the set-up shown in Figqure 9 it will be
influenced slightly. The errors intro-
duced by this deviation from actual con-
ditions are normally negligible. If a
better simulation is desired, a counter-
lung may be placed around the manikin's |
chest and plumbed to the reference side of ‘
the breathing machine piston. This, how=
ever, must be done with great care so as
not to inadvertently cause a loss of free
communication between chamber ambient
pressure and the pressure on the reference
side of the breathing machine piston. This
procedure is, therefore, not recommended
unless absolutely essential to the validity
of the test to be run.

C e e s

10) If the helmet is to be tested with a neck- A
seal, be certain that the neckseal fits
very snugly to the manikin's neck. If
helmet flooding or neckseal leakage is
still a problem, augment the necksealﬁﬁo—
manikin neck seal with tape (Band-Aid
Skin Tape, Duct Tape, Ordnance Tape work
well), but be careful not to restrict the
movement of the neckseal any more than
necessary.

TSRS W

11) Set up the X~Y plotter so that it makes
plots of helmet pressure versus inspired-
expired volume. Plots of helmet pressure
versus inspiratory-expiratory flow rates
may also be useful.

-36~

T R




12)

13)

14)

15)

All CO, sampling lines should have small
water %.raps.

All breathing loop components should have
an I.D. of not less than 3/4". The
lengths of the hoses between the SCUBA
mouthpiece and the manikin are not critical
and may be as long as required so long as
the 10 liter free volume limit of 6) above
is observed. The lengths of the hoses and
pipes between the SCUBA mouthbit and the
breathing machine are important and should
be kept as shor% as possible with reason-
able effort.

The output of the Ap transducer must be
continuously recorded. Continuous record-
ing of the outputs of the CO2 analysers is
highly recommended. The output of the Ap
transducer varies so rapidly with time that
it cannot be read from a panel meter. The
outputs of the CO, analysers will vary
enough with time %o make accurate readings
from a panel meter difficult.

Test all equipment for free operation. Test
for leaks. Repair and/or adjust as required.
Leaks in the air supply system downstream
can invalidate the flow rate data. Leaks

in the breathing loop plumbing can invali-
date the CO, data. The breathing loop
plumbing caa be considered leak tight if,
with the manikin's mouth sealed or corked
shut, the system will hold both a 20 cm

H,O pressure and a 20 cm H,0 vacuum with a
pfessure (vacuum) decay ra%e of less than

1l cm H,O per 10 seconds at 20 cm HZO
pressuge (vacuum).

e.. Calibration

1)

Calibrate all adjustable instruments
immediately prior to each maijor test.
Re~check calibrations at the conclusion
of the test.

=
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2) The transducer should be calibrated
against a water or mercury manometer:;
the thermistor against 32°F water and
room temperature.

3) The flowmeter and gauges normally do
not need daily calibration.

4) The CO, analysers should be calibrated
agains% at least 3 knowrgases each: full
scale, zero and mid~range CO. concentrations.
If the CO, analyser calibratlons are non-
linear se&eral more calibration points
and a graphical calibration record will
be required.

5) Calibrate the X-Y plotter axes prior to
each test. Re-check at the conclusion of
each test. Y axis should read helmet
pressure; the X axis, inspired-expired
volume.

£. Test Conditions

The test conditions to be covered will vary

with the apparatus to be tested and with the degree of test-

TR

ing required. The Project Engineer should determine the con-

il

ditions to be tested prior to commencing the test. Typical !

conditions for a complete test of an open circuit air helmet

follow:

Depth 0,50,100,150,200,
250 fsw
Supply Pressure 50 psiob, 0-120 fsw T
(Measured nn 100 psiob, 121~250 fsw , =

Gauge #2, Fig. 9) =




Helmet Flow Rate 3 acfm, 4.5 acfm,
max. fl.w possible
(air control valve
fully open)

Exhaust Valve Position Fully Closed, 1/4,1/2,
3/4 Fully Open

Position of Helmet Normally Jocked Position
on manikin

Manikin Orientation Head-up Vertical, other
orientations may also
warrant testing,
especially the face-
down horizontal position.

Gas Media Air

Umbilical 400' to 600' of 1/2"
I.D. standard deep
sea diving hose

Helmet Condition Wet

Manikin Respiratory Parameters#®

CO, Addition Rate +04 X RMV slpm

2 (ex. 1.6 slpm at 40
lpm RMV)
Breathing Rate 15,20 and 25 breaths

per minute

i " Tidal Volume 1.5, 2.0 and 2.5 liters
X per breath respectively
13 at breathing rates of

15,20 and 25 bpm.




Volume=Time Waveform Flattened Sinusoid
with an exhalation to
inhalation time ratio
of 1.1 to 1.0 and a
ratio of peak flow
to minute volume of
2.7-

R T ST, PO . |

L N

P

Exhaled Gas Temperature** 973 2°F

o R ma Lo AR Nt

Exhaled Relative Humidity** Saturated at 97°F

it

* Parameters recommended by EDU Report 19-73

PR W L NI N

** Relatively unimportant parameters. These can
be ignored without jeopardizing the validity of
most tests.,
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ge General Procedures

1) These tests are normally done only with
the helmet wet.

ot RIS

2) Test all of the conditions of interest
with the helmet on the surface. Get a :
feel for how the air control and exhaust )
valves operate and the effects of given !
valve openings. Leak check and de~bug
the test equipment as required.

AU

T
e e B AL 8 .o

3) Test the helmet under pressure. Test
under the test conditions designated by
the Project Engineer. The best sequence
to follow is usually to do all of the :
test conditions at 0 fsw, then 50 fsw,
etc. on down to 250 fsw. {

4) During ascent from 250 fsw (or max.
depth] repeat 25 to 50% of the test
readings taken during descent. This
checks for reproducibility of the data.




5)

6)

h. Data

1)

AU

T

3)

Maintain each test condition until all
values stabilize. This may take as long
ag 15 minutes.

Repeat 3) and 4) above as many times as
required to obtain good confidence in the
data.

Handling

On-line cross-checking of data values is

egsential for this test. The best cross-
check to use is simple CO. conservation.

There are 2 checks that cgn be used.

aa. PCO2 #2 - PCO, #1 should equal 4.0%
S.EZ + .3% S.B.

bb. Exhaust PCO2 (¢ S.E.) X Helmet Flow
Rate (alpm)“should approximate the
CO., add rate. This check 1s reliable
oniy in helmets tested with suits.
It is not particularily good in helmets
tested with neckseals. The analysis
of the exhausted gas represents a
time average CO, level and not a volume
average level wﬁich is what is necessary
for this cross check to be reliable.
When the helmet is used with a suit,

" the volume and time averages can be
expected to be negligibly different.
When the helmet is used with a neck-
seal, the 2 averages can be quite
different (See EDU Report 7-73,
Appendix A for more details).

Record at each test condition all measured
and controlled gquantities on a pre-made
data sheet. Carefully annotate all strip
chart recordings or other permanent data
records so that the data can be identified.

Plot the recorded data as directed by the
Project Engineer. EDU Report 7-73, Figures
19 and 11 show possible ways of presenting
the data. Tables 5 and 6 of that report
likewise show possible ways of organizing

-4]-
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it in tabular form. 1If the work of breath-
ing standards proposed by EDU Report 19-73
are adopted, a plot of the external work
of breathing will also be required.

From the plots of helmet pressure versus
ingpired-expired volume made on the X-Y
plotter, calculate the external work of
breathing expended by the manikin. Com-~
pare against the .17 Kg-m/liter ventilation
limit proposed by EDU Report 19-73.

For each test run calibration records for
each instrument calibrated must be made,
cTearlx annotated, and attached to the

data generated by each respective instrument
during the runs to which the calibration
record applies. This applies in particular
to instruments that generate written

records such as the strip chart recorders
and X=~Y plotter.

The Project Engineer or his representative

should keep a daily log of all significant
events.

" —— e ——— v "
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5. Manned Dives, Subjective Evaluation
a. Background

Definitive manned testing of the helmet for
ventilation adequacy will be accomplished under Section III.

A. 6, Physiological Testing.

This section is concerned with essentially
subjective tests to obtain a rough measure of the comfort,
human engineering and mobility of the helmet. To determine
those gualities accurately requires a rather large program
of manned tests considered to be outside the scope of this
evaluation. The tests outlined below can be accomplished
quickly and relatively easily. They will provide an indication
of the helmet mobility, human engineering and comfort sufficient
to point out any really sericus troubles that must be addressed
before larger scale manned tests such as Techeval/Opeval are

undertaken.

The instrumentation recommended below is relatively
sparse. This is so not because of design, but rather due to
the extreme difficulty of making measurements underwater on a
diver who is free to move about as he choses in a relatively

large body of water; 8000 gallons in the case of an EDU wetpot.

b. Quantities to be Measured

1) Helmet flow rate




2) Helmet PCO, level at:

2

aa. Inlet to exhaust valve

bb. One other location chosen to match
location #4 in the tests conducted
under Section III. A. 4. E :

=
=1

3) Helmet oxygen concentration

il

4) Helmet Ap relative to hydrostatic pressure
. at the exhaust valve centerline. 1If a

v different reference pressure was used in
Section III. A. 4, then use that reference
pressure instead.

| 5) Helmet temperature !

6) Helmet air control and exhaust valve
positions selected by the divers.

C. Quantities to be Controlled
1) Depth

2) Diver work tasks

3) Wetpot temperature
4) Supply overbottom pressure
5) Gas Media

d. Egquipment

i 1) Specialized equipment required

-44~
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i)

T

T

2)

3)

4)

5)

aa. Flowmeters, approximate sizes, 3 i
and 12 scfm air at 70°F and 14.7 1
psia with a 300 psig minimum work-
ing pressure.

bb. Differential pressure transducers,
approximate range + 8 psid, and
associated signal conditions
and recorders.

co. Thermistors and read=out unit

C0O, analysers, 0 to 1.0% by volume
ra%ge with recorders.

ee. Oxygen analysers, 0 to 25% by volume
range, with recorders

Set up the test equipment generally as
shown in Figure 10. Figure 10 is intended
only as a guide, and minor equipment
modifications can be expected to accommo-
date the particular apparatus under test.

Determine how much umbilical is appropriate
to the depths to be tested and rig it in-
side the chamber, coiling the excess in an
out-of-the~way place. If very accurate flow
rates ‘are not regquired, using the full 400'
to 600' of umbilical may be omitted in favor
of simple shoxt leader hoses.

All gas sampling lines should have water
traps.

f e ——— o o — e

The outputs of the 0, and CO_, analysers

should be coqgipuousfy,recoraed. The out-

put of the Ap transducer must be continuously
recorded. Hand recordings of the Ap, O

and CO, values every 5 minutes, as is c%mmonly
done, §re of little value due to often rapidly
changing values. The helmet flow rates are
usually sufficiently steady to permit hand
recording of the flowmeter readings.

. CtE
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Calibration

1)

2)

3)

4)

Calibrate all adjustable instruments
immediately prior to each major test.
Re—check calibrations at the conclusion
of the test.

The Ap transducers should be calibrated
against a water or mercury manometers; the
thermistors against 32°F water and room
temperature.

The flowmeter and gauges normally do not
need daily calibration.

All gas analysis instruments should be
calibrated against at least 3 known gases
each: full scale, zero and mid-range
concentrations. If the analysers,
especially the €O, analysers, are non-
linear, several mére calibration points
and a graphical calibration record is
regquired.

Test Conditions

The test conditions to be covered will vary

with the apparatus to be tested and with the degree of test-

ing required.

The Project Engineer should determine the con=

ditions to be tested prior to commencing the test. Typical

conditions for a complete test of an open circuit air helmet

follow:

Supply Pressure

Depth 0,50,100,150,200

250 fsaw

50 psiob, 0-120 fsw

(Measured on 100 psiob, 121-250 fsw
Gauge #2, Fig. 10)

-+ ewirmpamanmTaRi
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- General Procedures

Vetpot Temperature 70°F or above (due
to wetpot steel NDT
consideraticns)

Gas Media Air

Diver Work Tasks See procedures sub-
section

1) For a reasonably thorough subjective
evaluation at least 5 dives should be made
to each depth. Always use divers who have
had sufficient exposure on the helmet so
that they feel familiar with its controls.

2) Normal U.S. Navy diving procedures are to
be followed. While on the bottom the divers
should alternate between 10 minute periocds
of "moderate" work and 5 minute rest periods.
Nomally the work tasks alternate between
lifting a 70-pound weight (78 1lbs dry) a
distance of 2-1/2 feet 10 times per minute
and swimming against a trapeze designed to
exert a steady backward force of 6.0 1bs.
For an average diver, exerting a stationary
swimming force of 6.0 lbs. produces an
oxygen demand of approximately 1.26 standard
liters per minute (6). This is equivalent
to a respiratory minute volume of approxi-
mately 30 liters per minmute (7) or to swim-
ming in SCUBA at a steady speed of approxi-
mately 0.8 knots (6) (7). An oxygen demand
of 1.26 slpm results in a CO, production of
about 1.13 slpm (8). Workiné against an
underwater bicycle or pedal ergometer is
also a suitable task.

ol SV B B R W8 ... T it e . R o ORI A G s

3) At the conclusion of each dive, the diver
should £ill out the applicable porticns of
the Diver Ecquipment Subjective Analysis
Questionnaire reproduced in Appendix A,

4) Have several divers dis—assemble and re-
assemble the helmet air control and exhaust
valves. Note any difficulties encountered.

|
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h.

Data Handling

1)

2)

3)

4)

5)

Record at each test condition all measured
and controlled quantities on a pre~made data
sheet. Carefully annotate all strip chart
recordings or other permanent data records
so that the data can be identified.

Campare the CO, levels and helmet flow rates
measured to thg results of Section III. A.4.
Compare the measured helmet PCO, and PO
levels with those predicted on %he basi% of
the measured helmet flow rates and the

diver CO. production and axygen consumption
rates expected as a result of the work tasks
selected.

Tabulate and/or plot the data obtained as
directed by the Project Engineer. There
is usually sufficient variability in the
data from these dives to make concise
plotting difficult.

The Project Engineer or his representative
should keep a daily log of all significant
events.

For each day's test dives, calibration
records must be made, clearly annotated and
attached to the data generated by each

B e . .

respective instrument during the runs to
which the calibration record applies.
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6. Manned Dives, Physiological Testing

The purpose of these tests is to determine quanti-
tatively the ability of the apparatus under test to support
the physiologic and respiratory requirements of a diver at
hard work. The tests are normally conducted by the EDU

Medical Department.

The procedures and equipment used for these tests
are still being refined. A detailed protocol covering these
tests is expected to be published by the EDU Medical Department

sometime in second quarter of CY 1974.




B. Semi-Closed Circuit Mixed Gas Helmets
1. Helmet Pressure-volume Characteristics (Compliance)
a. Background

The purpose of this test is to determine how
much the pressure inside the helmet changes with respect to
external ambient pressure when gas is removed from or added to
the helmet. This defines the "compliance" of the helmet system.
The helmet system's compliance, or the absence of it, influences
very greatly the pressure variations induced in the helmet by
a diver's resgpiration, and, therefore, the breathing impedance

of the helmet.

This test is applicable only to neckseal helmets
and other types of underwater breathing systems where the diver's
chest is not enclosed by a volume of gas in free communication
with the gas in the helmet interior. In cases where the chest
is enclosed by a volume of gas in free communication with the
helmet interior, as for instance in a helmet-dry suit combin-
ation like the USN MK 5 HeOj rig, this test way be omitted. 1In
those cases gas volume removed from the helmet-~guit interior is
normally replaced by chest expansion, and the total system volume

is not influenced by the diver's respiration.

b. ° Quantities tc be measured:

1) Helmet pressure re selected reference
pressure
2) Helmet position on dummy (measure in sufficient

detail so that helmet could be removed and
replaced in the exact same position )
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Ce Quantities to be Controlled:

The quantities to be controlled are the same

as those listed in Section III. A. 1l. c.

d. Equipment

.The equipment to be used is the same as that

listed in Section IXI. A. 1. d. with the following additions:

1) The CO, removal unit (if separate fram the
helmet? is to be set up with the helmet and
jocked as nearly per manufacturer's instruc-
tions as possible.

2) Be certain that the venturi control valve
is secured. If the helmet has no venturi
control valve, cap the gas inlet connection.

3) Figure 11 shows a typical test set-up.
e. Calibration

The calibration procedures are the same as those

listed in Section III. A. 1l. e.
f. Test Conditions and Procedures

The test conditions and procedures are the same

ags those listed in Section III. A. 1. f.

ge Data Handling

The data handling requirements are the same as

those listed in Section 1II. A. l. g.
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2. Venturi Efficiency and Exhaust Valve Performance Tests
a. Background

The purpose of these tests is to determine the
performance characteristics of the gas supply system, the
venturi and the exhaust valve when operating in the semi-closed
circuit mode. The maximum open circuit mixed gas flow rates

available for emergency maneuvers are also to be determined.
b. Quantities to be measured

l) Helmet gas consumption rate
2) Recirculation rate

3) Helmet pressure re the selected reference
pressure

4) Helmet gas temperature

5) Over bottom pressure at the inlet to the
helmet non~return valve

6) Pressure drop across the recirculation rate
flowmeter (Figure 12, manometer #1)

7) Pregsure drop across all components added )
for the purpose of measuring the backpack :
flow rate (Figure 12, manometer #2)

8) Pressure rise across the venturi (Figure 12,
manometer #3) |

c. Quantities to be Controlled

1) Umbilical size and length i
2) Supply over bottom pressure

3) Depth

4) Air Control Valve Position

5) Exhaust Valve Positiocn

6) Venturi Control Valve Position

7) Gas media
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da. Equipment

1)

2)

3)

4)

Specialized equipment required

aa. Blank plate for the bottom of the
helmet with provision for a pressure
tap and thermistor.

bb. Porthole blanks with reach rods or

flexible shafts tailored to the helmet
to be tested, 2 required.

cc. FPlowmeters (2) for gas supply line,
approximate sizes, 1 and 8 scfm air at
700F and 14.7 psia with a 600 psig
minimum working pressure.

dd. Very low pressure drop flow meter for
the backpack suction hose. Capacity
approximately 10 scfm air at 70°F and
14.7 psia with a rated pressure drop
at the above conditions of less than
2 inches water.

ee. Differential pressure transducer, 15 psid,
and associated egquipment.

ff. Thermistor and read-out unit.
gg. Wet testing box.

hh. Water manometers (3), approximate Ap
range, +20 inches H;O0.

Set up the test equipment generally as shown
in Figure 12. Figure 12 is intended only as
a guide, and minor equipment modifications
can be expected to accommodate the particular
apparatus under test. Only the helmet need
be in the wet testing box (the exhaust valve
needs to be submerged). The CO, absorbant
unit, if desired, can be outside of the wet
testing box as shown.

Determine how much umbilical is appropriate
to the depths to be tested and install it
as shown in Figure 12,

The Ap transducer should be set up to monitor
the pressure differential between the helmet
interior and the hydrostatic pressure at the
2xhaust valve centerline {(chamber ambient
pressure when helmet is tested dry), or at the
level of the manikin's 7th cervical vertebra.
See EDU report 19-73 for more information on
the selection of the referenced pressure.
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5) No remote actuation of the "chin button", :
if the helmet has one, is normally con- !
sidered necessary. However, if desired,
this can be accomplished with a third
mechanical linkage such as a reach rod or |
a small pneumatic actuator.

6) Install markings around the reach rod handles
so that helmet air control and exhaust valve
positions can be quickly and accurately re-
produced.

o 7) Use a fresh charge of baralyme in the
= canister.

8) Test all equipment for free operation. Test
for leaks. Repair and/or adjust as required.
Leaks in the gas supply system downstream

=" from the flowmeters or in the helmet-to=-test

3 plate seal can invalidate the test. Leaks in
the helmet and backpack will invalidate the
helmet pressure data which is needed to define
exhaust valve performance.

e. Calibration

1) Calibrate all instruments immediately prior
to each major test. Re-check calibrations
at the conclusion of the test.

2) The transducer should be calibrated against
a water or mercur¥y manometer; the thermistor
against 32°F water and room temperature.

3) The flowmeter and gauges normally do not need |
daily calibration.

f. Test conditions

~ The test conditions to be covered will vary with
the apparatus to be tested and with the degree of testing re-~
quired. The Project Engineer should determine the conditions '
; to be tested prior to commencing the test. Typical conditions

for a complete test of the venturi efficiency and open circuit

e b e A~ —

Heo2 performance follow.
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1)

2)

3)

4)

Umbilical 600' of standard deep

sea diving hose (%" I.D.)

Supply Pressure 50 psiob on oxygen®
100 psiob on HeO,
other pressures as directed

by Project Engineer

Test Depths and Supply Gas Mixtures

0,50 fsw 100% oxygen¥
0,100,200,300 fsw 16% HeOyp
300,400,450 fsw 10% HeO3
450,500,600 700 5% HeO,
700,800,900,1000 3% HeO2

*air is an acceptable and much safer sub-
stitute for this test.

Valve Positions

air control valve

closed, fully open

venturi control valve fully open
exhaust valve closed, %, %, 3/4 anad
fully open

g. General procedures

1)

2)

3)

Test all of the conditions of interest with
the helmet on the surface. Get a feel for
how the air control and exhaust valves oper-
ate and the effects of given valve openings.
Leak check and de-bug the test equipment as
required.

The basic procedure should be at each depth

to test the helmet in the recirculating mode,
then briefly open the air contirol valve fully
open to measure the maximum open circuit

flow rate pogsible and resulting helmet
pressure. The open circuit test is important
for predictions of how the helmet will per-
form in emergency situations. The air control
valve should be opened only as long as is
required to read the supply flowmeter and the
helmet Ap transducer at the axhaust valve
settings of interest since this procedure uses
up mixed gas at a rapid rate.

Once the tests at one depth are complete,
proceed to the next deeper depth and repeat.
Watch for trends as the depth increases.

~-58-

el A Tl oy ol



T e

4) Repeat 25 to 50% of the test readings taken
on descent again on accent.This checks for

reproducibility of the data.

5) Repeat 2), 3), and 4) as many times as re-
quired to obtain good confidence in the data.

h. Data handling

1) Record at each test condition all measured
and controiled quantities on a pre-made data
sheet. Carefully annotate all strip chart
recordings or other permanent data records
so that the data can be identified.

2) Plot the recorded data as directed by the
Project Engineer.

3) Figure 13 shows some sample graphs.

4) For each test run calibration records for
each Instrument calibrated must be made,
clearly annotated, and attached to the data
generated by each respective instrument
during the runs to which the calibration
record applies. This applies in particular
to instruments that generate written records

' such as the strip chart recorders.

5) The Project Engineer or his representative
should keep a daily log of all significant
events.,
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3. Sound Level Tests, Semi-Closed Circuit Mixed Gas Helmet

a. Background

The purpose of these tests is to measure the

gsound levels produced in the helmet under the conditions (depth, 1
supply pressure, etc.) of normal Heo2 diving operations, and ;
to determine the hazard that they represent to the diver. The '

helmet gas consumption data accumulated during these tests

can and should also be used as a check on the gas consumption

rates measured under Section III. B. 2.

There is no sound level data available at this

time in He02

able to assume that the sound levels in a submerged Heoz helmet

helmets tested submerged. However, it is reason- \

are comparable to those in the same helmet tested dry. This :

is usuélly the case with open circuit air helmets (See Section

- III. A. 3.a.). Since HeO, helmets produce fewer bubbles, and
! therefore have even less interaction with the water, it is
quite acceptable to assume that submergence does not signifi- !

cantly affect their noise levels. Nonetheless, the helmet

should be tested wet if possible.

Wet gsound level testing is easier with Heo2
helmets than with air helmets since the necessity of in-test
valve manipulation can be avoided. However, since there is a
lower rate of gas input into the helmet, there is also a greater
danger of a helmet flood-out, especially if chamber descent is

too rapid.
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The recommended seguence is to test the helmet
first dry, and then repeat limited portions of the dry tests
with the helmet submerged. For the submerged tests as large
a body of water as possible igs preferred for the reasons cited
in Section III. A. 3. a. Usually the water body of choice will
be a wetpot, although the wet testing box can be used if

necessary.

This test can be combined with Secticon III. B.
2. However, it is recommended that the two tests be performed
separately. This allows for simpler tests, and it also pro-
duces some data redundency which increases the confidence

levels in the data.
b. Quantities to be Measured

1) Sound pressure levels at both diver
ear positiones, broadband and octave
band levels.

2) Helmet pressure to the selected reference
pressure,usually hydrostatic pressure at
the exhaust valve centerline.

3) Helmet gas temperature

4) Overbottom pressure at the inlet to the
venturi.

5) Pressure rise across the venturi
Ce. Quantities to be Controlled

1) Depth
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2)
3)
4)
5)
6)
7)
8)
9)

10)

d. Equipment

1)

Supply overbottom pressure

Air control valve position

Exhaust valve pogition

Position of helmet on test manikin

Manikin orientation

Helmet condition: wet or dry

Extraneous noise sources

Gas media

Umbilical size and length

Specialized equipment required

aas

bb.

CC.

Accoustical testing manikin;
EDU manikin, CBS Accoustical
Manikin, or equal

Porthole blanks with reach rods

o, flexible shafts tailored to

the helmet to be tested. On~

each for the air control and exheust
valves. It is vossible to do with-
out these, burt it is much more ton-
venient to have them installed.

Flowmeters (2), approximate
sizes, 1 and 8 scfm air at
70°F and 14.7 psia with a /00
psig minimum working pressure.




2)

3)

4)

5)

6)

dd. Differential pressure tranaducer,
approximate range + 5 psid, and
associated signal conditions
and recorders.

ee. Thermistor and read=-out unit

f£. Sound level equipment as per
Figure 14 or equal.

Set up the test equipment as shown in
Figure 1l4. If bhoth ear positions are to
be tested at the same time, the scund
level equipment shown will need to be
duplicated.

Determine how much umbilical is appro-
priate to the deptns to be tested and
install it as shown in Figure 14.

Install markings around the reach rod
handles so that helmet air control and
exhaust valve positions can be quickly
and accurately reproduced.

If a neckseal helmet is to be tested

as shown in Figure 14, augment the seal
between the neckseal andTﬁhe manikin's
neck with tape (Band-Air ™ Skin Tape,
Duct Tape, Ordnance Tape all will work).
If the helmet is to be tested with a
full suit (as for example a USN MK 5
HeO, helmet), select a suit with cuffs,
placde che manikin inside the suit and
bring the necessary wires, etc. out through
one of the sleeves. Securely restrain
the bottom of the suit so that it does
not inflate. One of the best ways to
do this is to simply roll it up and

tie it off. Close the sleeves with
flat clamps taking care not to damage
the microphone and thermistor wires.

Use a fresh charge of CO, absorbent
in the canister.

2
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7) Test all equipment for free and normal
operation. Test for leaks. Repair and/
or adjust as required. Leaks in the
gas supply system downstream from the
flowmeters or in the neckseal-to-mani=-
kin seal can invalidate the flow rate
data. Leaks in the helmet, neckseal
(or suit) and through the manikin will
tend to falsely increase the mearured
sound levels.

e. Calibration

1) Calibrate all adjustable instruments
immediately prior to each major test.
Re-check calibrations at the conclusion
of the test.

2) The transducer should be calibrated
against a water or mercury manometer;
the thermistor against 32°F water and
room temperature.

3) The flowreter and gauges normally do
not need daily calibration.

4) The microphone and sound level meter
should be calibrated with a B&K Type
4230 Sound Level Calibrator or equal.

£. Test Conditions

The test conditions to be covered will vary

with the apparatus to be tested and with the degree of test-

ing required. . The Project Engineer should determine the con=-

ditions to be tested prior to commencing the test. Typical

conditions for a complete test of the sound levels occurring

I[r

in the helmet under normal semi-~closed operation follow:
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1. Helmet Dry

Umbilical 600' of standaxrd
deep seal diving hose
(1/2% I1.D.)

Supply Pressure 50 psiob on oxygen or air*
100 psiob on HeO,

other pressures 2
as directed by the

Project Engineer

Test Depths and Supply Gas Mixtures

0, 50 £aw Air*®
0,100,200,300 fsw 16% Hen,,
300,400,450 fasw " 10% deCs

450,500, 600,700 fsw 5% HeO. 2

700,800,900,1000 £ow 3& aeo§

*
Air has accoustical properties similar
to oxvgen and is much safer to use.

Valve Positions
Air control valve Closed
Venturi control valve Fully open

Exhaust valve Closed, 1/2 open
fully open*

"
If exhaust valve position doces not affect
gound levels, use only the fully closed
position.

2. Helmet Wet

Use as many of the above dry mode test
conditions as Project Engineer deems
necessary. Exhaust valve settings of

other than fully closed are not recomrended
due to the increased possibility of a helmet
flood~out at lower helmet pressures.
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3.

Open Circuit Souad Levels

At salected test conditions at each depth
the air control vaive should be opened
fully. Maintain this condition just long
enough to record the helmet sound levels,
helmet Ap and helmet gas consumption rate.
This allows a determination of the helmet
sound levels during vents and during

emergency mixed gas open circuit operation

should it ever be required. These open
circuit tests may be run during either

or both of dry and wet tests outlined above.

General Procedures

1)

2)

3)

4)

5)

Measure the chamber background noise.
Background noise from all sources, room
noise, electr:al noise, etc. should
read less than 70 dB in all octave bands.
Slightly higher levels can, however, be
tolerated in the 31.5, 63 and 125 Hz
center frequency octave bands.

Test all of the conditions of interest
with the helmet dry and on the surface.
Get a feel for how the air control and
exhaust valves operate and the effects
of given valve openings. Leak check
and de-bug the test equipmment as
required.

Test the helmet under pressure, dry as
shown in Figure 14. Test under the test
conditions designated by the Project
Engineer. The best sequence to follow
is usually to do all of the test con-
ditions at 0 fsw, then 50 fsw, etc. on
down to the maximum test depth.

During ascent from the maximum test depth
repeat 25 to 50% of the test readings taken
during descent. This checks for repro-
ducibility of the data.

Watch the helmet Ap transducer reading dur-
ing descent. Be careful not to descend so

—68..
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h)

7) Repeat 3), 4) and 6) above as many

rapidly that helmet pressure becomes less
than chamber pressure. During the wet
tests this could produce an inmediate
flood-out,

6) Once the dry tests in 1) through 4)
above are completed, run the wet tests.
This will require either the wet test-
ing box or the wetpot.

times as required to obtain good con=-
fidence in the data obtained.

Data Handling

1) Record at each test condition all measured
and controlled quantitiecs on a” pre~made
strip chart recordings or other per-
manent data records so that the data can
be identified.

2) Correct the octave band sound pressure
level readings from the sound level
meter for the micronhone sengitivity
loss under increased pressure. See the
microphone manual or Refecence 3 for
the octave band correction factors.

3) From the rorrected octave band sound
pressure levels, dz2termine the equivalert
A-weighted sound presasure level from
Figure 7. Determine the maximum daily
exposure from Figqure 8. Corsult
References 4 and 5 fo~ further information.

4) NOTE: Tue dBA scale on the sound level
Meter cannot normallv be used except at 0€sw
due to the uneven effect increus.ng
ambient pregsure has on th2 frequency
regponse chLaracteristics of the micro- :
phone. See Reference A and LAVIDIVINGU ]
Reports 10~73 and 12-73 for more infor- .
mation on this effect.




5) Table 1 represents a typical data sheet.

6) For each test run calibration recowds for
" gach instrument calibrated must be made,
' clearly annotated, and attached to the
data generated Dy each respective instrument
during the runs to which the calibration
record applies. This applies in particular

to instruments that generate written
records such as the strip chart recorders.

7) The Project Engineer or his representative
should keep a daily log of all significant
events.




4. Ventilation Tests, Semi~Closed Circuit Mixed Gas
a. Background

The purpose of these tests is to determine the
ventilation characteristics of the helmet when used in the
semi-closed circuit mixed gas mode. The variables of primary
interest are helmet Ap, helmet gas consumption, canister flow
rate and PCO, levels in the helmet and in the manikin's

inspired gas.

The performance of the venturi and helmet exhaust
valve during these tests can and should be used as a check on
the results obtained in Sections III. B. 2 and III. B. 3. Also
when the helmet is tested with a neckseal, the pressure vari-
ations induced in the helmet by the manikin's respiration should
be predictable from the heimet compliance results of Section
IIX. B. 1 and the exhaust valve performance results of Sections

ITI. B, 2 and III. B. 3.

Meaguring the duration of the CO, absorbant

2
canister is not a goal of these tests. Canister duration tests
should be run separately as in Section III. B, 5. The tests
outlined in this section are designed solely to determine the
ventilation characteristics of the helmet given a properly

operating CO2 absorbant canister.
b, Ouantities to be Measured

L PCO, levels at the following locations

2

aa. Inhalation mixing box (inhaled PCO

level, CO2 #1, Figure 15)
-71-
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bb. Exhalation mixing box (exhaled PCO2
level, 002 $#2, Figure 15)

cc. Inlet to helmet exhaust valve (CO, #3,
Figure 15)

dd. Canister suction hose (or pipe)
(Co, #4, Figure 15)

ee. Canister return hose (or pipe)
(co, #5, Figure 15)

ff. Any other location(s) selected by the
Project Engineer

2) Helmet pressure relative to hydrostatic
pressure at the selected level.

3) Helmet gas temperature.

4) Canister flow rate and pressure drop across
flowmeter.

5) Venturl pressure rise.

6) Overbottom pressure at the inlet to the
helmet non-return valve (Gauge #1, Figurelb).

- ke b

7) Relative humidity of inspired air.
C. Quantities to he controlled

1) Depth

2) Supply overbottom pressure (Gauge #2,
Figurel5)

3) Alr control valve position
4) Exhaust valve position

5) Position of helmet on test manikin

P v L

6) Manikin orientation

7 Helmet condition: wet

e

8) Water bath temperature
9) uas media

10) Umbilical size and length

11) Manikin respiratory parameters

- F
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aa.
bb.
cc.
dd.

ee,

CO, addition rate
Breathing rate

Tidal volume
Volume-time waveform

Exhaled gas temperature and relative
humidity

d. Equipment set-up

1)

Specialized equipmert razquired

aa.

bb.

¢ce.

dd.

ee.

fi.

g9.

hh.

EDU manikin with double treacheas,

one for inhalation, one for exhalation.
Manikin should also have provisions

for monitoring the pressure and temper-
ature inside the helmet and for obtaining
up to 4 gas samples from selected
locationg within the helmet and neckseal
or suit.

Porthole blanks with reach rods or
flexible shafts tailored to the helmet
to be tested. One each for the air
control and exhaust valves.

Flowmeters (2) for gas supply line,
apgroximate sizes, 1 and 8 scfm air at
70”F and 14.7 psia with a 600 psig
minimum working pressure.

Very low pressure drop flow meter for

the backpack (canister) suction hose

(or pipe). Capacity approximately 10
scfm air at 70°F and 14.7 psia with a
rated pressure drop at the aforementioned
conditions of less than 2 inches H0.

Differential pressure transducers (2),
approximate range 5 psid, and associated
signal conditions and recorders.

Thermistor and read-out unit.

Breathing machine with inhalation and
exhalation mixing chambers.

At least 2 CO, analysers, one with a
range of 0 to 0.5% by volume or J to
1.0% by volume, one with a range of
0 to 6% by volume. COp level {2,

-7 4~
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2)

3)

4)

5)

6)

7)

(Figure 15, exhalation mixing box) can
be expected to run between 4 to 6% S.E.
COy level #5, canister retuvin hose can
be expected to run 0 to 2.0% S.E.

Set up the equipment generally as shouwn in
Figure 15. PFigure 15 is intended only as

a quide, and minor equipment modifications
can be expected to accommodate the particular
apparatus under test. The equipment set-up
for these tests is essentially that used for
the open circuit alr tests plus a canister
flowmeter, venturi Ap transducer, and an
additional CO; sampling point.

Determine how much umbilical is apprupriate
to the depths to be tested and install it
as shown in Figure 15.

One &p transducer should be set up to monitor
the pcessure differeniial between the helmeat
interior and the hydrostatic presasure at

the exhaust valve centerline (chamber ambient
pressure if helmet is tested dry), or at the
level of the manikin's 7th cervigal vextebra.
Use a different reievence pressure if so
directed by EDU report 19-73, The other
should be set up to monitor the pressure rise
across the venturi. Water manometes's van be
used if additional Ap indications are desived
as in Section III. B. 2.

Install markings around the reach rod handles
80 that helmet air control and exhaust valve
positions can be quickly and accurately re-
produced.

The internal free volume of all inhalation
plumbing components must not be greater than
10 liters. The internal free volume of all
exhalation plumbing components must likewise
be less than 10 liters. The internal free
volume of components used for both inhalation
and exhalation is to be charged against both
10 liter limits. 10 liters free volume is
the most free volume that can be tolerated
without introducing excessive errors due to
pneumatic compiiance (gas compressability).
Sec EDU Report 20-73, Section III for more
details.

Total mechanical compliance (hose stretch,
etc.) of the breathing loop plumbing must

75~
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9)

10)
Vs

11)
= 12)

be kept below .05 liter per 20 cm H,0
pressure change.

Water depth over the top of the helmet
should be at least 6 inches. Water temper-
ature should be 70 tc 80°F.

If the helmet is to be tested with a dry suit,
cut a suit at approximately the waist level
and fasten to the manikin with a band clamp
and tap. at a level 18" below the exhaust
valve centerline as shown in Figure 15. The
gsimulation will not be complete with this
equipment set-up because a diver when he in-
hales normally makes up the air volume he
inhaled from the helmet-suit combination by
chest expansion. Thus in reality the total
suit volume remains egsentially uninfluenced
by the diver's respiration wherecas with the
set-up shown in Figure 15 it will be influ-
enced slightly. The errors introduced by

this deviation from actual conditions are
normally negligible. If a better simulation
is desired, a counter-lung may be placed around
the manikin's chest and plumbed to the refer-
ence side of the breathing machine piston.
This, however, must be done with great care so
as not to inadvertently cause a loss of free
communication between chamber ambient pressure
and the pressure on the reference side of the
breathing machine piston. This procedure

is, therefore, not recommended unless abso-
rately essential to the validity of the test
to be run.

I+ the helmet is to be tested with a neck~
sval, be certain that the neckseal fits very
snugly to the manikin's neck. If helmet
flooding or neckseal leakage is still a
problem, augment the neckseal=-to-manikin
neck seal with tape (Band—AidT Skin Tape,
Duct Tape, Ordnance Tape work well), but be
co~eful not to rest . the movement of the
neckseal any more ti. .. .ecessary.

Set up the X-Y plotter so that it makes
plots of helmet pressure versus inspired-
expired volume. Plcts of helmet pressure
versus inspiratory-expiratory fiow ratec may
arso be useful.

The co, sampling system should be sized so
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that the time required for a gas sample to
travel fcom the helmet to its appropriate
analyser is less than 30 seconds at the
maximum test depth. i

13) All CO; sampling lines should have small
water traps.

14) All breathing loop c¢cmponents should have an
I.D. of not less than 3/4". The lengths of
the hoses between the SCUBA nouthpiece and
the manikin are not critical and may be as
long as required so long as the 10 liter
free volume limit of 6) above is observed.
The lengths of the hoses and pipes between !
the £7UBA mouthbit and the breathing machine I
are important and should be kept as short
as possible with reasonable effort.

15) The output of the Ap transducers must be b
continuously recorded. Continuous recurding
of the outputs of the COp; analysers is highly
recommended. The output of the Ap transducer
varies so rapidly with time that it cannot
be read from a panel meter. The outputs of !
the CO; analysers will vary enocugh with time !
to make accurate readings from a panel neter
extremely difficult.

16) Test all eguipment for free operation. Test
for leaks. Repair and/or adjust as required.
Leaks in the gas supply system
can invalidate the flow rate data. Leaks
in the breathing loop plumbing can invalidate
the CO; data. The breathing loop plumbing
can be considered leak tight if, with the -
manikin's mouth sealed or corked shut, the !
system will hold both a 20 cm H20 pressure i
and a 20 cm Hp0 vacuum with a pressure .
(vacuum) decay rate of less than 1 cm Hy0 per
10 seconds at 20 cm H0 pressure (vacuum).

e. ' Calibration

1) Calibrate all adjustable instruments immedi-
ately prior to each major test. Re-check
calibrations at the conclusion of the test. |

2) The transducers should be calibrated against
a water or mercury manometer; the thermistors
against 32°F water and room temperature.



3) The flowmeter and gauges normally do not
need daily calibration.

4) The CO; analysers should be calibrated
against at least 3 known gases each: fuli
scale, zero and mid-range CO, concentrations.
If the CO, analyser calibrations are non-
linear several more calibration points and
a graphical calibration record will be re-~
quired.

.5) Calibrate the X~Y plotter axes prior to each
test. Re-~check at the conclusion of each

f test. Y axis should read helmet pressure;

the X axis, inspired-expired volume.

£. Test conditions

The test conditions to be covered will vary wiih
the apparatus to be tested and with the degree of testiny re;
quired. The Project Engineer should determine the conditions

" to be tested prior to commencing the test. Typical conditionc

for a complete test of semi~closed mixed gas helmet follow:

1) Umbilical 50°¢ standard %" I.D.
deep sea hose. No
open circuit tests
are to be done so
umbilical length is
not a factor.

2) Supply Pressures 50 psiob on oxygen®
100 psiob on HeOj
Other pressures as
directed by Project
Engineer

3) Test Depths and Supply Gas Mixtures

0,50 faw 100%¢ oxygen*
0,100,200,300 16% HeO,
360,400,450 10% HeOyp
450,500,600,700 5% HeO9p
700,800,900,1000 3% HeO,

*Air is an acceptable substitute.
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4)

5)

6)

7)
8)

9)

Valve Positions

alr control valve
venturi control valve
exhaust valve

Position of Helmet
on Manikin

Manikin Orientation

Helmet Condition

Water Bath Temperature

fully closed

fully open

fully closed, %, %,
3/4 and fully open

Normally jocked position.
Be sure this position is
known in sufficient de-
tail that it can be
exactly reproduced.

Head-up Vertical, other
orientations may also
warrant testing, es-
pecially the face-down
horizontal position.

Wet

70° to BOOF

Manikin Respiratory Parameters¥

CO2 Addition Rate
Breathing Rate

Tidal Volume

Volume-Time Waveform

Exhaled Gas Temper-
ature

Exhaled Relative
Humidity

.04 X RMV slpm (ex. 1.6
slpm at 40 lpm RMV)

15,20 and 25 breaths
per minute

1.5, 2.0 and 2.5 liters
per breath respectively
at breathing rates of
15, 20 and 25 bpm

Flattened Sinusoid with
an exhalation to in-
halation time ratio of
1.1 to 1.0 and a ratio
of peak flow to minute
volume of 2.7

97 t 2OF

Saturated at 97°F

*Parameters recommended by EDU Report 19-73

d. General procedures

1)

These tests are normally done only with the
helmet wet.
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i 2) Test all of the conditions of interest with

! the helmet on the surface. Get a feel for
how the exhaust valve operates and the effects
of given valve openings. Leak check and de-
bug the test equipment as required.

3) Test the helmet under pressure. Test under
the test conditions designated by the Project
Engineer. The best sequence to follow is
usually to do all of the test conditions at .
0 fsw, then 50 fsw, etc. on down to maximum
test depth.

4) During descent be very careful not to travel
too fast and produce a negative pressuyve in
the helmet relative to chamber pressure. This
would quickly result in a flooded helmet.

5) It is usually best to let the breathing machine
run continuously unless 4) above requires that
it be secured during descent.

6) During all times when the respiratory load
on the helmet is being increased (incrasasing
minute volume or increasing depth) watch the
helmet Ap transducer output very caretulLly.
If excessively negative Ap's are observed,
stop or slow down.

7) During ascent from the maximum test depth re-
peat 25 to 50% of the test readings taken
during descent. This checks for reproducibility
of the data.

8) Maintain each test condition until all values
stabilize, This may take as long as 15 minutes.

9) If canister break-through occurs (CO, level
#5, canister return, exceeds 0.5% S.BE.), return
to the gsurface obeying 7 ) above, replace the
C0, absorbant, return to the depth of break-
th¥ough and complete the tests desired.

10) Repeat 3) and 7) above as many times as required
to obtain good confidence in the data.

11) Take care that the amount of gas being drawn
out the gas sample lines dces not disturb
conditions in the helmet. It is usually wise
to make the helmet Ap measurement and X-Y plots
with all the sample lines secured.




h. Data handling

1) On=-line cross checking of data values is
essential for this test. The best cross
check to use is simple CO, conservation.
There are 2 checks that can be used.

aa. PCO, #2 - PCO, #1 should equal 4.0%
s.E. ¢ .3% S.E.

bb. The CO, addition rate should equal the
CO, disappearance rate.

COq in = COy out = (PCO, #4 ~ PCOp #5) x
(canister flow rate) +
(PCO, #3) % (helmet gas
consumption rate)

The first term on the right hand side of
the equation is the rate of CO, removal
by the C04 absorbant canister; the second
is the ra%e at which CO; 1s exhausted out
the helmet exhaust valve. 'The COp dis-
appearance rate calculated as above should
equal the COp add rate 1 10%.

o o T

See Appendix A in EDU Reports 10-73 and
12~73 tor more details.

2) Record at each test condition all measured and l
controlled quantities on a pre-made data sheet.
Carefully annotate all strip chart recordings
or other permanent data records so that the
data can be ildentified.

3) For each test run calibration records for each
instrument calibrated must be made, clearly
annotated, and attached to the data generated
by each respective instrument during the runs
to which the calibration record applies. This
applies in particular to instruments that gener-

; ate written records such as the strip chart

, recorders and X-Y plotter.

LT e e

4) Plot the recorded data as directed by the
Project Engineer. EDU Report 12-73, Figures
g 13, 14 and 15 show possible ways of presenting
; some of the data. Tables 4 and 5 of that re-
2 port likewise show possible ways of organizing
it in tabular form.

[

" 5) From the plots of helmet pressure versus in-
E spired-expired volume made on the X-Y plotter,
b calculate the external work of breathing ex-~
pended by the manikin. Compare against the
.17 Kg-m/liter ventilation limit proposed by '
"81" ,.'




EDU Report 19-73. If the work «f breathing -
standards proposed by EDU Report 19-73 are

adopted, a plot of the external work of

breathing will slsv be required.

Tie Project Engineer or hiz repuvstentative ‘
should keep a daily log of ull significant
avents. '




5. 602 Absorbent Canister Duration Tests

a, Background

Thu purpose of these tests is to determine

the expecirl iifetime of the CO, abosrbent canister under

2
all of the conditions in which the helmet will be expected

to operate.

These tests are very similar to those of
Section IXZ. B. 4. The experimental set-up is identical.
The principal differences are in the test conditions selected.
In these tests the ventilation conditions in the helmet are
held constant (manikin RMV, exhaust valve position, etc.) and

the temperature of the water bath is varied. In Section III.

B. 4 the reverse was true.

Canister lifetime tests are extremely time

consuming. Round-the-clock operation shounld be considered.

b. Quantities to be measured

The quantities to be measured are the same
ag those in Section III. B. 4. b, 1Inspired gas temperature
and relative humidity are however of critical importance

whereas in Section III. B. 4 they were of secondary interest.
c. Quantities to be Controclled

The quantities to be controlled are the sane

as those in Section III. B. 4. c. Water bath temperatures,



manikin exhaled gas taperature and relative humidity are,
howeveyr, of critical importance here whereas in Section III.

B, 4. they were of secondary interest.
d. Equipment Set-up

1) The recomhended equipment set-up is
identical to that outlined in Section III.
3. 4. 4.

2) Precise (+ 2°F) control of the water
bath temperature is essential.

€. Calibration

The calibration procedures are the same as

those outlined in Section III. B. 4. e.
£. Test Conditions

The test conditions to be covered will vury
with the apparatus to be tested and with the degree of test~-
ing required. The Project Engineer should determine the con-
ditions to be tested prior to commencing the test. Typical

test conditions for a coamplete canigter lifetime test follow:

1. Umbilical 50' standard 1/2"
I.D. deep sea hose or
equivualent,

2. Supply pressures 50 psiob oa oxygen

100 psiob on HeO.,,

vother pressures gs

directed by Project
Engineer

i
i
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0,530 fgw
0,100,200,300
300,400,450
450,500,600,700
700,860,900,1000

4, Valve Positions

Aixr control valve

Exhaust valve

5. Position of helmet
on manikin

6, Manikin Orientation
7. Helmet Condition

8. Water Bath Temperatures

CO2 Addition Rate
Breathing Rate

Tidal Volume

-85-

Venturi control valve

3. Test Depths and Supply Gas Mixtures

100% oxygen®
16% HeQ,
10% HeO,,

5% HeO,
3% HeO),

*
Air is an acceptable substitute

Fully Closed

Fully open

Fully closed

Normally jocked
position. Be sure
this position is
known in sufficient
detail that it can be
exactly reproduced.

Head-up Vertical

Wet

70°F, 50°F, 32°F

9. Manikin Respiratory Paramecterg¥®

2.5 slpm

25 breaths per minute

2.5 liters

*Severe Work Rate Parameters Recommended
by EDU Report 19-73.




Volume=Time Waveform Flattened Sinusoid
with an exhalation to
inhalation time ratio
of 1.1 to 1,0 and a
ratio of peak flow to
minute volume of 2.7 d

Exhaled Gas Temperature 97+ 2°F
Exhaled Relative Humidity Saturated at 97°F

ds General Procedures

constant throughout are depth and water
bath temperature. The best procedure is
usually to test all of the desired water
bath temperatures at 0 fsw, then go to ;
100 fsw, etc. on down to the maximum depth |
to be tested. ‘

i

1

1) The only test conditions which are not |
i

. ML W IR g

L

2) Each individual test will consist of run-
= ning the canister until hreakthrough at

] one depth and one water bath temperature.
The test is considered to start when the
breathing machine is turned on. Once
turned on, the breathing machine and CO
add system should not be secured until
the test is completed.

TR

2

T et W Ao LSO S

3) Run the test until the CO, level in the
canister return line reac%es 1.0% S.E.

E——

4) During these tests, once started, breathing
machine must run continuously. During
descent evolutions, use the air control
valve to admit extra gas if required to
maintain 2 positive helmet Ap during

descent. Watch the helmet Ap indication
very carefully ully during descent.

5) Due to the length of time required for each
test, individual test runs are normally
not repeated as long as everything worked

-86—
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proparly and the test results are consistent
with other test xuns.

6) Take care that the amount of gas being
drawn out the gas sampling lines does not
excessively disturb conditions in the
helnet.

s iR AT o

h. Data Handling '

1) The data handling procedures are essentially
the game as thosgse of Section III. B. 4. h.

TSR, ST W W - WP

2) The C0, cross checking procedures are
identifal with those of Section III. B. 4.
h. 1. As beforu, they should be done
on-line.

3) The principal purpose of these tests is to
determine the expected canister lifetime as L
a function of depth and water temperature. ;i
Consequently only the €O, level versus time
data need be plotted sepérately. Whether
or not other data obtained (helmet gas
consumption, canister flow rate, helmet Ap,
venturi Ap, etc.) is to be plotted is to be
determined by the Project Engineer. The
best way to handle this data will probably
be to plot it as additional data points
on the graphs and plots made as a result
of the tests outlined in Sections III. B.

2. and IIII B. 4.

Tt

—— —

e e Gl ot A it st e T SRR




- l

6. Manned Dives, Subjective Evaluation, Semi-~Closed
Circuit Mixed Gas Helmet

& Background

Definitive manned testing of the helmet for

ventilation adequacy will be accomplighed under Section III.

B. 7, Physiological Testing.

This section is concerned with essentially
subjective tests to obtain a rough measure of the comfort,
human engineering and mobility of the helmet. To detexrmine
those qualities accurately requires a rather large program
of manned tests comsidered to be outside the scope of this
evaluation. The tests outlined below can be accomplished E
quickly and relatively easily. They will provide an indication
of the helmet mobility, human engineeriny and comfort which
should be sufficient to point out any really serious troubles
that miust be addressed before larger scale manned tests such

as Techeval/Opeval are undertaken.

The instrumentation recammended below is rel=

atively sparse. This is so not because of design, but rather
due to the extreme difficulty of making measurements underwater

on a diver who is free to move about as he choses in a relatively

large body of water; 8000 gallons in the case of an EDU Wetpot.

These tests are similar to the tests conducted

under Section III. A. 5. on open circuit air helmets. The only

BEr R

major difference is the addition of gas analysers to monitor the

performance of the CO2 absorbent canisters.

-8 8-




b. Quantities Lo be Measured

1) Helset gas consumption rate

2) Helnet l"CO2 level at:

aa. Inlet to exhaust valve
" bb. Canister suction hose (or pipe)
cc. Canister return hose (or pipe)

3) Helmet oxygen level measured in the canister
suction hose (orx pipe)

4) Helmet Ap relative to hydrostatic pressure
at the exhaust valve centerline. If a
different refprence pressure was used in
Section IIT. B. 4, then use that reference
pregsure instead.

:
%
g
%
'§

51 Helmet temperature

6) Helmet exhaust valve positions selected by
the divers.,

Ce. guaritities to be Controlled

1) Depth

2) Diver work tasks

3) Wetpot temperature

4) Supply overbottom pressure

5) Gas Media i
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1)

2)

4)

5)

Specialized equipment required

aa., Flowmeters, approximate sizes, 1
and 8 scfm air at 70°F and 14,7
psia with a 600 psig minimum work-
ing pressure.

bb. Differential pressure transducers,
approximate range + 5 psid, and
associated signal conditions
and recorders.

cC. Thermistors and read-out unit

dd. CO., analysers, 0 to 1.0% by volume
rafige with recorders.

ee. Oxygen analysers, 0 to 25% by volume
range, with recorders

Set up the test equipment generally as
shown in Figure 1l6. Figure 16 is intended
only as a guide, and minor equipment
modifications can be expected to accammo-
date the particular apparatus under test.

Regular umbilicals are not necessary for
these tests. Any suitable leader hoses
will do.

All gas sampling lines should have water
traps.

The outputs of the 0, and CO, analysers

should be continuous%y recoraed. The out-

put of the Ap transducer must be continuocusly
recorded. Hand recordings of the Ap, ©

and CO, values every 5 minutes, as is c%mmonly
done, 8re of little value due to often rapidly
changing values. The helmet flow rates are
usually sufficiently steady to permit hand
recording of the flowmeter readings.
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€. Calibration

1) Calibrate all adjustable instruments
immediately prior to each major test.
Re-check calibrations at the conclusion
of the test.

2) The Ap transducers should be calibrated
against a water or mercury manometer; the
thermistors against 32°F water and room
temperature.

3) The flowmeter and gauges normally do not
need daily calibration.

4) All gas analysis instruments should be
calibrated sggainst at least 3 known gases
each: full scale, zero and mid-range
concentrations. If the analysers,
especially the CO, analysers, are non-
linear, several mére calibration points
and a graphical calibration record is
required.

£. Test Conditions

The test conditions to be covered will vary
with the apparatus to be tested and with the degree of test-
ing required. The Project Engineer should determine the con-
ditions to be tested prior to commencing the test. Typical
conditions for a reasonably complete test of a surface supplied

semi-closed circuit mixed gas helmet follows:

Depth 0,100,200,250,300,400 fsw
Supply Pressure 50 psiob, when O, used
{(Measured on 100 psiob, when an2 used

Gauge #2, Fig. 10)




Wetpot Temperature 70°F or above (due
to wetpot steel NDT
considerations)

Supply Gas l6% Heo2 at 0,100,
200,250,300 fsw

10% HeO2 at 400 fsw

Diver Work Tasks See procedures sub-
section

Deeper dives would be required to evaluate some semi-
closed systems which are designed to operate at very deep depths
out of PTC's etc. Such dives are considered out of the scope
of this section. They normally require saturation operations,
and they can be accompliched neither easily nor quickly.
Experience, however, has shown that the performance of venturi-
powered recirculating systems varies only slightly with depths
below 3L0 fsw (see EDU Reports 10-73, 12-73 and Reference 2).
Consequently the test conditions outlined above are considered
sufficient to obtain a good indication of the comfort, mobility
and human engineering quélities of venturi-powered recirculat-

ing systems, regardless of their maximum operating depth.
g. General Procedures

1) For a reasonably thorough subjective
evaluation at least 5 dives should be made
to each depth. Always use divers who have
had sufficient exposure on the helmet so
that they feel familiar with its controls.

2) Normal U.S. Navy diving procedures are to
be followed. While on the bottom the divers
should alternate between 10 minute periods
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h.

of"moderate" work and 5 minute rest periods,
Normally the work tasks alternate between
lifting a 70-pound weight (78 1lbs dry) a
distance of 2=-1/2 feet 10 times per minute
and swimming against a trapeze designed to
exert a steady backward force of 6.0 lbs.
For an average diver, exerting a stationary
swimming force of 6.0 lbs. produces an
oxygen demand of approximately 1l.26 standard
liters per minute (6). This is equivalent
to a respiratory minute volume of approxi-
mately 30 liters per minute (7) or to swim-
ming in SCUBA at a steady speed of approxi-

- mately 0.8 knots (6) (7). An oxygen demand

3)

4)

Data

1)

2)

of 1.26 slpm results in a CO, production of
about 1.13 slpm (8). Workind against an
underwater bicycle or pedal ergometer is
also a suitable tastk,

At the conclusion of each dive, the diver
should fill out the applicable portions of
the Diver Equipment Subjective Analysis
Questionnaire reproduced in Appendix A.

Have several divers dis-assemble and re-assemble
the helmet and CO., absorber assembly. Note
any difficulties %ncountered.

Handling

Record at gach test condition all measured
and controlled quantities on a pre-made data
sheet. Carefully annotate all strip chart
recordings or other permanent data records
so that the data can be identified.

Compare the CO, levels and helmet pressures

and gas consumption rates measured to the
results of Section IIIL. B. 4. Campare the
measured helmet PCO, and PO, levels with

those predicted on %he basis of the

measured helmet flow rates and the diver

€0, production and oxygen consumption rates
expected as a result of the work tasks selected.
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3) Tabulate and/orx plot the data obtained as
directed by the Project Engineer. There
Is usually sufficient variability in the
data from these dives to make concise
plotting difficult.

4} The Project Engineer or his representative
should keep a daily log of all significant
events.

5) For each day's test dives, calibration
records must be made, clearly annotated and
attacﬁed_to the 4data generated by each
respective instrument during the runs to
which the calibration record applies.




7. Manned Dives, Physiological Testing
a. Background

The purpose of these tests is to determine
quantitatively the ability of the apparatus under test to
support the physiologic and\respiratory requirements of a
diver at hard work. The tests are normally conducted by the

EDU Medical Department.

The procedures and equipment used for these
tests is still being refined. A detailed protocol covering
these tests is expected to be published by the EDU Medical

Department sometime in the sccond quarter of CY 1974,

<
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8. Emergency Air Mode Tests
a. Background

When diving in a semi-closed circuit mixed gas
helmet, it can become necessary to switch to open circuit air
if something happens to the 002 absorbent canister or the
mixed gas supply. The tests outlined in this section are
those tuests appropriate to a mixed gas helmet being operated

on emergency open circuit air.

A mixed gas helmet being operated on emergency
open circuit air is for all intents and purposes an open
circuit air helmet, and it can be tested as such. The only
diffeirence between testing a straight open circuit air helmet
and testing a mixed gas helmet operating on emergency open
circuit air is that the latter helmet has a Co, absorbent
canister in place, but not operating (if the venturi does not
have a shut-off valve, the Co2 abosrbent canister will be

operating but on air). Since the CO, absnrbent canister is

not operating, it need not be instrumented.
b. Recommended Tects

1) The mixed gas helmet compliance test
results of Section III. B., 1 are directly
avplicable and no special helmet com-~
pliance test is necessary.

2) The air supply system and exhaust valve
tests of Section IJI. A. 2. should be
performed. Some mixed gas helmets use
the same exhaust valve as dces a matching

s o el L ot a2
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3)

4)

5)

6)

7)

air helmet. However, the air supply
system is almost always different.
With a mixed gas helmet the air usually
must go through some additional plumbing
before reaching the helmet air control
valve.

The open circuit air sound levels of
Section III. A. 3. should be performed.
This test may be omitted if the mixed

gas helmet under test has a matching open
circuit air helmet for which the sound
levels are known.

The ventilation tests of Seation III. A. 3.
must be performed. The ventilation
characteristics of a mixed gas helmet

used on emergency open circuit air are
almost always different from the ventilation
characteristics of the matching open
circuit air helmet, if indeed there is one.

The manned subjective dives of Section III.
A. 5. need be performed on only a limited
scale.

Physiologic test dives as in Section III.
A. 6. need not be performed.

The Project Engineer must decide which
of the above tests are to be done on the
particular helmet being evaluated, and
which test conditions are to be used.
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Iv. INSTRUMENT SPECIFICATIONS
Type

Ingtrument Normally Used

Flownmeters Variable Area

AP Transducers

Transducer
_ Indicators

Oxygen Analysers

CO, Analysers

Thermistors

Relative Humidity
Instruments

Pressure Gauges

Strip Chart
Recorders

X~-Y Plotter

Variable Reluctance

Meters

Paramagnetic

Non-dispersive
Infrared

Thexmocouple

Bourdon Tube

Electric:
Oscillographic

Accuracy
+2% of full scale
+k% of full scale

tl% of full scale

$0.5% by volume
1% of full scale

+%% of full scale

+1% of full scale,
50 mm chart width

+1% of full scale

Mipimum
Frequency
Response

0.5 Hz
200 Hz

1l Hz

0.1 Hz
1l Hz

0.1 Hz

0.1 Hz

0.5 Hz

40 H=z
at full
chart
width

maximum
slewing
speed =
40 in/sec

maximum
acceleration:
14C0 in/sec

in X direction.
2000 in/sec2

in Y direction.
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DIVER EQUIPMENT
SUBJECTIVE ANALYSIS

*
%
%
%
5
&
£
&
£
'%
&



DIVER EQUIPMENT
SUBJECTIVE ANALYSIS

DIVERS NAME DATE

LOCATION DEPTH TIME

EQUIPMENT SET=-UP

i MANUFACTURER MODEL

i TYPE RIG GAS USED %02 %Ha % He
! SUPPLY~PRESSUREL BEFORE AFTER

i REGULATOR PRESSURE BEFORHR AFTER

' ORIFICE SIZE LITER FLOW BEFORE AFTER

HEIMYTS AND MASK —!

LT

1. WHAT INLET AND EXHAUST SETTINGS DID YOU FIND COMFORTABLE
WHILE WORKING AND WHILE STANDING AT REST? EXFRESS
VALVE SETTINGS AS THE NUMBER OF TURNS OPEN OR CLOSED.

(example: inlet Z 1/4 turns upen).
INLEGT EXHausT

s 8

¥ORK
REST

A b C——

e IR Y D

TY?PE OF WCRK
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2. RATE AND COMMENT ON THE INHALATION RESISTANCE OF THE HELMET/MASK.

| — I —_— | —

{ 1
dangerous acceptable excellent not

to life for fleet feature ocbserved
use impossible
to improve
on

3.- RATE AND COMMENT ON THE EXHALATION RESISTANCE OF THE HELMET/MASK.

dangerous acceptable excellent not
to life for fleet feature observed
use impossible
to improve
on

i
|
!
‘ 4. RATE AND COMMENT ON THE EASE OF DONNING THE HELMET/MASK AND ITS
[
f
{
l

ACCESSORIES.
| |
dangerous . acceptable excellent not
to life for fleet feature observed
! use impossible
; to improve
on

5. RATE AND CCMMENT CN THE HELMET/MASK WEIGHT OUT OF THE WATER.

{ S | o

dangerous acceptable excellent not
! to life for fleet feature observed
‘ use impossible
' *o0 improve
on

4, PATE AND CTOMMENT ON THE HELMET/MASK BUOYANCY IN TEE WATER.

—— "__"ml ‘ |
excelient not

dangercus acceptable
te Life for fleet feature observed
use impossible
to improve
_103_ on
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7. RATE AND COMMENT ON THE FIT AND COMFORT OF THE HELMET/MASK.

| S S I—

dangerous acceptable excellent not
to life for fleet feature observed
‘ use impossible '
, ‘ to improve
: on

8.. RATE AND COMMENT ON THE NOISE LEVEL IN THE HELMET.
i l
— 4

N
dangerous acceptable excellent not
to life for fleet feature observed
use impossibie
to imovrove
on

9. RATE AND COMMENT ON THE ADEQUACY OF THE COMMUNICATIONS IN THE

HELMET/MASK.
| T
. |
—., | dangerous acceptable excellent not
7 to life : for fleet feature observed
use impossible
to improve
on

10. RATE AND COMMENT ON THE ACCESSIBILITY AND OPERATION OF CONTROL VALVES.

dangerous acceptable excellent not
to life for fleet feature observed
== use - impossible
= to improve
on

1i. RATE AND COMMENT ON THE VISIBILITY FROM THE HELMET/MASK.

% . T

= dangerous acceptable excellent not
= to life for fleet feature observed
use impossible
to improve
=104~ on
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12. RATE AND COMMENT ON THE EASE OF CLEARING WATER FROM THE HELMET/MASK.

| |

dangerous acceptable
to life for fleet
use

excellent

feature

impossible

to improve
on

13. RATE AND COMMENT ON THE HELMET/MASK TORQUE.

} .......... I
!

dangerous acceptable
to life for fleet
use

excellent
feature
impossible
to improve
on

]

]
not
observed

—

not
observed

14, WHAT IS YOUR OVER ALL EVALUATION OF THE HELMET/MASK.

esar.tay ma. o Ep e e Sme o S |

!

dangerous acceptable
to life for fleet
use

excellent
feature

impossible
to improve

on

I BREATHING APPARATUS ]

—

not
observed

15. RATE AND COMMENT ON THE WEIGHT OF THE APPARATUS OUT OF THE WATER.

F—&mnv:q-u.. P T e T Pt tas e At L o mmam e ..--——4

dangerous acceptable
to life for fleet
' use

=105~

excellent
feature

impossible
to improve

on

-

not
observed
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' 16. .ATE AND COMMENT ON THE BUOYANCY OF THE APPARATUS IN THE WATER.

¢ y S ;
: dangerous acceptable excellent not
to life for fleet feature observed
use imposgsible
to improve
on

17. RATE AND COMMENT ON THE ACCESSIBILITY AND OPERATION OF CONTROL VALVES.

J— : - -
=X dangerouvs acceptable excellent not
— to life for fleet feature observed
= use impossible
=f to improve

: on

== 18. RATE AND COMMENT ON THE SWIMMABILITY OF THE APPARATUS.

dangerous acceptable excellent not .
to life for fleet feature observed '
use impossible
to improve
= on
19. RATE AND COMMENT ON THE APPARATUS TORQUE.
e e e eami e ! ] —
} | | b
dangerous acceptable excellent not
to life for fleet feature observed
use impossible
to improve
on

20. RATE AND COMMENT ON THE INHALATICN BREATHING RESISTANCE.

dangerous acceptable excellent not
to life for fleet feature observed =
use impossible
to improve
-106- on
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21. PRATE AND COMMENT ON THE EXHALATION BREATHING RESISTANCE.

R | . |

—
dangerous acceptable excellent not
to life for fleet feature observed
use impossible
to improve
on

22.. WHAT IS YOUR OVERALL EVALUATICN OF THE APPAPATUS.

b —) Lu*_w__+

dancerous acceptable excellent not %

to li€e for fleet feature observed b

: use mpossible é;

to improve -

on %

|z

. 7

%

%

%
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